Neuregulin-1 (NRG1) variations have been shown to modulate schizophrenia candidate endophenotypes related to brain structure and function. The aim of this study was to determine the effect of NRG1 on several oculomotor schizophrenia endophenotypes. The effects of 5 core single-nucleotide polymorphisms (SNPs) within the NRG1 gene to oculomotor parameters in a battery of oculomotor tasks (saccade, antisaccade, smooth eye pursuit, fixation) were investigated in a sample of 2243 young male military conscripts. Additive regression models, bootstrap and permutation techniques, were used as well as structural equation modeling and haplotype analysis. A deficit in global smooth eye pursuit performance measured using the root-mean-square error (RMSE) was related to the risk allele of SNP8NRG243177, and a deficit in global smooth eye pursuit performance measured using the saccade frequency was related with the risk allele of SNP8NRG433E1006. Structural equation modeling confirmed a global effect of NRG1 genotype on smooth eye pursuit performance using the RMSE, while the effect on saccade frequency was not confirmed. Haplotype analysis further confirmed the prediction from the structural equation modeling that a combination of alleles corresponding to the Icelandic high-risk haplotype was related to a deficit in global pursuit performance. NRG1 genotype variations were related to smooth eye pursuit variations both at the SNP level and at the haplotype level adding to the validation of this gene as a candidate gene for the disorder.
Introduction
Several candidate genes have been investigated for association with schizophrenia. Neuregulin-1 (NRG1), a gene located in chromosome 8p12-21, is one of the most promising among them and subject of considerable research since the original report of Stefansson et al 1 linking NRG1 to schizophrenia. Neuregulin is a protein that has a crucial role in functions including neuronal growth, myelination, migration, and synaptic plasticity. 2, 3 After the initial report, a number of studies have been published on the relationship between the NRG1 gene and schizophrenia, and their results are not consistent. Some studies using both linkage and association confirmed Stefansson's original finding, [4] [5] [6] [7] [8] while others failed to replicate the original finding. [9] [10] [11] The reason for this inconsistency is thought to be the polygenic and multifactorial etiology as well as the clinical heterogeneity of the disorder. In order to deal with these problems, contemporary research attention is directed toward the use of endophenotypes, described by some researchers as the ''key to unlocking schizophrenia.'' 12, 13 Schizophrenia endophenotypes as initially defined by Gottesman and Gould 14 are quantitative, heritable, trait-related, laboratory-assessed deficits that are identified in patients as well as their unaffected relatives. The idea behind the use of endophenotypes is that specific deficits are associated with specific protein changes that are due to discrete genetic abnormalities. 15 A wide range of schizophrenia endophenotypes have been evaluated, and their relationship with various candidate genes has been assessed, including structural and functional brain abnormalities as well as sensory processing and neurophysiological and neuropsychological measures. Although recent studies have shown that variations in NRG1 gene are linked to some of these endophenotypes, [16] [17] [18] [19] [20] no previous reports have associated this gene to oculomotor dysfunction endophenotypes that are among the most extensively studied candidate endophenotypes for schizophrenia.
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In the present study, we examined the possible association of 5 NRG1 gene single-nucleotide polymorphisms (SNPs) that were identified in the core schizophreniarelated haplotype originally reported by Stefansson et al 1 with oculomotor endophenotypes in a large sample of young Greek army conscripts (assessed in the Athens Study for Psychosis Proneness and Incidence of Schizophrenia, ASPIS). In previous studies, we have reported on the relation of catechol-O-methyltransferase gene variations to cognitive and psychological endophenotypes from this sample. [22] [23] [24] [25] In a recent study, we have also reported on the effects of other schizophrenia candidate genes including NRG1 on schizotypy and cognitive endophenotypes in the ASPIS sample. 18 Our aim in this study was to investigate if NRG1 gene variations were related to variations in oculomotor parameters thus validating the role of NRG1 as a schizophrenia candidate gene.
Participants and Methods

Participants
This study used the oculomotor dataset from the ASPIS sample described in our previous studies. [26] [27] [28] [29] [30] [31] The ASPIS sample consists of 2243 young male conscript subjects aged 18-24 years who were recruited from the Greek Air Force in the years 1998-2000. These individuals performed a battery of eye movement tasks (smooth eye pursuit, saccade, antisaccade, visual fixation) and cognitive tasks, 25 while they also completed questionnaires for a detailed psychometric analysis. 32 DNA has been extracted from mouthwash provided by each individual. 22 All data from the ASPIS sample have been codified using a unique number code for each subject, and the link to personal identification of these subjects has been destroyed.
Eye Movement Measurement Apparatus and Task Procedures
A detailed description of the apparatus for eye movement measurements was presented in previous reports. 22, 29 Eye movements were recorded from the right eye only using the IRIS SCALAR infrared device. A 12-bit A/D converter was used for data acquisition (Advantech PCLab Card 818L). Eye movement data were sampled at 600 Hz and stored in the PC hard disk for off-line data processing.
The subjects performed the following tasks: smooth eye pursuit, 31 saccade, 26 antisaccade, 26,29 and 3 fixation tasks (with no distracting stimuli, with distracting stimuli, and fixation with no visual target 30 ). The detailed task procedures are described in the Supplementary methods.
Eye Movement Parameters
The details for measuring the eye movement parameters for each task are also described in the Supplementary methods. For the smooth eye pursuit task, the rootmean-square error (RMSE) between the eye position and the target position in the closed loop pursuit task at each target speed (10°/s, 20°/s, and 30°/s) was measured for each subject. The RMSE is a global measure of pursuit accuracy. 33 The gain was also measured for each subject at each target speed that is the ratio of eye velocity to target velocity. The gain is considered a specific measure of the integrity of the pursuit system. 33 Finally, the frequency of saccades during pursuit was also measured for each subject at each target speed. All types of saccades occurring during smooth eye pursuit were pooled together for this measure that is also considered a global measure of pursuit accuracy. 33 In an effort to reduce the number of oculomotor variables that would be tested for their relation to the genotype variables in the original exploratory analysis using the allele load regression model, we extracted a single factor for each one of the 3 pursuit measures (RMSE, gain, saccade frequency). Factor analysis is the standard statistical analysis to extract the common variance between different variables, and the rational for its use was that if pursuit performance was indeed related to genetic variability between subjects this effect should be more pronounced by excluding other sources of variability such as the intrasubject variability related to the different measures at different speeds. The specific effects of target speed were then assessed if the original analysis using the factor score resulted in a significant effect. A principal component analysis (performed using the STATISTICA 7.0 software) was used to extract a single factor combining the 3 RMSE variables (one for each target speed). The factor explained 70.7% of the common variance for the 3 variables. The same analysis was performed for the 3 gain variables (one for each target speed), and the factor explained 72.1% of the common variance. Finally, a factor combining the 3 saccade frequency variables of smooth eye pursuit explained 46% of the common variance. The 3 factor scores were used in the analysis instead of the individual scores for each speed.
For the saccade and antisaccade tasks, the median latency of saccades and antisaccades and the corresponding coefficient of variation of this latency were also measured, for each subject, as described in the Supplementary methods. For the saccade task, the amplitude gain was also measured. The percentage of antisaccade errors, the median latency and its coefficient of variation for error prosaccades, and the latency and its coefficient of variation for correction antisaccades that followed an error were also measured in the antisaccade task (Supplementary methods, see also Smyrnis 33 for a detailed description of these parameters).
For each of the 3 fixation tasks, the saccade frequency was also measured for each subject at each 1 of the 3 fixation tasks (see Supplementary methods). These 3 variables were combined in one factor explaining 70.7% of their common variance. This factor was N. Smyrnis et al. used in the analysis of the relation of fixation to the SNPs instead of the saccade frequency separately for each fixation task. Table 1 presents all the oculomotor variables that were measured in the ASPIS sample. We used the data from the meta-analysis of Calkins et al 34 to categorize these variables. The variables defined as positive were those for which there was evidence for their heritability in schizophrenia in the above-mentioned meta-analysis. The variables defined as negative were those for which there was evidence that they are not heritable in schizophrenia in the same meta-analysis. All other variables for which there is little evidence for their candidacy and they were not included in the meta-analysis were defined as exploratory.
DNA Extraction and Genotyping
Mouthwash samples for DNA extraction were chosen as described previously 22 to obtain a better procedure acceptance rate. The following 5 SNPs were genotyped for NRG1: SNP8NRG221132, SNP8NRG221533, SNP8NRG241930, SNP8NRG243177, and SNP8NR-G433E1006 as described in our previous work. 18 All genotyping was performed blind to phenotype measures. 18 Genotyping for NRG1 was performed by K-Biosciences (Herts, UK; http://www.kbioscience. co.uk/) using a competitive allele-specific polymerase chain reaction system.
The frequencies in the ASPIS sample of each one of the 5 SNPs that were genotyped were not significantly deviant from Hardy-Weinberg equilibrium 18 (and Supplementary table 1).
Data Analysis
The major problem analyzing this dataset was the issue of multiple comparisons in the interpretation of both positive and negative results. In order to address this issue, we proceeded in the analysis in a step fashion. In the first step, an exploratory analysis was used to identify significant relations between each of the oculomotor variables and each of the SNPs. The exploratory analysis used the allele load regression model. According to the classification of the oculomotor variables into positive, negative, and exploratory, a valid outcome of this exploratory analysis should be to identify significant relations only for positive and/or exploratory variables but not for negative variables. The next step was to confirm the positive results of the exploratory analysis using 2 nonparametric procedures, a bootstrap and a permutation test. The next step involved another approach using a global analysis of the data with structural equation modeling. This analysis bypassed the multiple comparison issue. Finally, a haplotype analysis was performed to further validate the result of the structural equation modeling.
Allele Load Model. The effect of each one of the 5 NRG1 SNPs on each of the primary oculomotor variables was investigated using an allele load regression model. The reason for selecting this model was based on the sensitivity of this model at detecting significant effects of NRG1 SNPs and phenotypic variables as demonstrated in our previous study. 18 In this model, a simple linear regression was performed for each pair of SNP and primary oculomotor variable (table 1). The SNP was the independent predictor variable, and the oculomotor variable was the dependent variable. According to the allele load model, the SNP variable could take 1 of 3 values: 0 if the rare allele was absent, 1 if 1 copy of the rare allele was present, and 2 if 2 copies of the rare allele were present for the particular individual. Thus, the regression model was the following:
where b was the coefficient of the allele load effect, and its significance was tested by a t test with significance level set at 0.05.
Bootstrap and Permutation. All significant effects in the exploratory allele load regression analysis were confirmed using 2 nonparametric procedures, a bootstrap and a permutation test. Let us suppose that the allele load regression analysis showed a significant t test for the b of one particular SNP and primary oculomotor variable. In the bootstrap procedure, a new sample with the same number of subjects was drawn at random with replacement from the group of individuals having 0 copies of the rare allele. The same procedure was used to draw a new sample of individuals having 1 copy of the rare allele and again for individuals having 2 copies. This new bootstrap sample was then used to run an allele load regression of the form shown in formula 1, and the regression b coefficient was computed. The bootstrap procedure was repeated for 1.000.000 times resulting in a distribution of bootstrap b values. The percentile where b = 0 was computed on this distribution. Let us suppose then that the allele load regression b for the original data as was computed in model (1) was positive, and this percentile was lower than the fifth percentile of the bootstrap distribution of b. This would mean that the process of randomly resampling the original populations of individuals with 0, 1, and 2 copies of the rare allele of the SNP would result by chance in a relation with a regression b that would be 0 or lower than 0 with a P value below .05. This is equivalent to a t test testing the null hypothesis that the original regression b value is significantly larger from 0 at the 0.05 level. In the case where the original allele load regression b was negative, the 95th percentile was used as the cutoff in the distribution of bootstrap b.
In the permutation procedure, a new sample of the same number of subjects was drawn by randomly shuffling the data and assigning a new value of the oculomotor variable to each subject. The result of this process was that a random value of the oculomotor variable was assigned to each original allele load value. Then, the same regression model (1) as was used for the original data was computed for the permutated data, and the process was repeated 1.000.000 times to result in a permutation distribution of b values. The percentile corresponding to the original regression b was computed on this distribution. Let us suppose then that the allele load regression b for the original data was positive, and this percentile was higher than the 95th percentile. This would mean that the process of randomly shuffling the original data would result by chance to a regression with b equal to or higher than the original regression b with a P value below .05. This is again equivalent to a t test testing the null hypothesis that the original regression b value is significantly larger than 0 at the 0.05 level. In the case where the original regression b would be negative, the fifth percentile of the permutation b distribution was used as the cutoff.
Structural Equation Modeling
. Structural equation modeling was used to model the effects of the NRG1 SNPs on the smooth eye pursuit phenotype variables. This analysis provides a tool for studying simultaneously the effect of multiple independent variables on multiple dependent variables using a set of assumptions for how the 2 sets of variables are connected. Thus, this analysis bypasses the problem of multiple testing and the consequent problem of adjusting significance levels. In order to define the structural equation model, one has to identify the ''exogenous'' variables that are the independent factors. The exogenous variables in turn affect the ''endogenous'' variables that are the dependent variables. We chose as exogenous variables the SNP allele loads for all 5 NRG1 SNPs. These affected the endogenous variables that were the oculomotor variables. The model also allows the specification of ''latent'' variables that reflect a conceptual reduction of measured variables, called ''manifest'' variables. Thus, for the exogenous manifest SNP variables, this reduction led to the identification of a single latent genotype variable reflecting the variations in all 5 NRG1 SNPs. The same reduction led to the identification of 3 endogenous latent oculomotor variables for smooth eye pursuit namely the RMSE, gain, and saccade frequency. Each endogenous latent variable reflected the variation of the corresponding three manifest variables, namely, the measurements at the 3 pursuit speeds. The details for model application and the comparison of different models are presented in the Supplementary methods and Smyrnis et al. 25 Haplotype Analysis. The phase 2.1 software 35, 36 was used to derive haplotype estimates for each subject in the ASPIS population. A set of the most common haplotypes was defined in the population as those haplotypes that exceeded the 5% frequency. Supplementary table 2 presents the frequencies for the most common haplotypes in the ASPIS sample. Then, for each subject, we used the best pair subset of haplotypes given as an output in phase 2.1 to derive an estimate of haplotype load (0, no copies of the particular haplotype; 1, 1 copy; and 2: 2 copies) for each one of the most common haplotypes. The effects of a particular haplotype load on an oculomotor variable were then tested using the following linear regression model:
where b was the coefficient of the specific haplotype load effect, and its significance was tested by a t test with significance level at 0.05.
Results
Allele Load Model and Bootstrap-Permutation Tests
The allele load regression analysis of the 5 SNPs on positive, negative, and exploratory oculomotor variables resulted in 2 significant effects (Supplementary table 3 presents the resulting P values for all regressions performed). The first was of SNP8NRG243177on the smooth eye pursuit RMSE factor score (b = À.06, F 1,1500 = 5.14, P = .023). It should be noted that the RMSE factor score was negatively correlated with the score for each individual pursuit speed; thus, a negative b in the regression indicates that the rare allele T of SNP8NRG243177 is related to an increase in RMSE. The effect was confirmed using both the bootstrap test (P = .01) and the permutation test (P = .012). Further analysis for each target speed separately showed that the effect was significant at the low target speed of 10°/s (b = .053, F 1,1500 = 4.15, P = .041) and at the medium target speed of 20°/s (b = .054, F 1,1500 = 4.35, P = .037) but not at the high target speed of 30°/s(b = .041, F 1,1500 = 2.48, P = .11) (figure 1). The second significant effect was of SNP8-NRG433E1006 on the smooth eye pursuit saccade frequency (b = À.05, F 1,1500 = 4.6, P = .032). It should be noted that the saccade frequency factor score was negatively correlated with the score for each individual speed; thus, a negative beta in the regression indicates that the rare allele A of SNP8NRG433E1006 was related to an increase in saccade frequency. The effect was significant using both the bootstrap test (P = .016) and the permutation test (P = .017). Further analysis for each target speed separately showed that the effect was significant at the low target speed of 10°/s (b = .05, F 1,1500 = 3.94, P = .047) and at the medium target speed of 20°/s(b = .055, F 1,1500 = 4.78, P = .028) but not at the high target speed of 30°/s(b = .001, F 1,1500 = 0.002, P = .96).
Structural Equation Modeling
In this analysis, we formulated a hypothesis of how genetic variability was related to phenotype variability. Using the a priori information that only smooth eye pursuit phenotypes seemed to have a relation to NRG1 genotype variation, we tested 3 models. In all models, the exogenous latent variable was the NRG1 genotype structure based on the measurement of the 5 SNPs. In the first general model, all smooth eye pursuit performance variables (RMSE for each target speed, saccade frequency for each target speed and gain for each target speed, total of 9 variables) were grouped together in one latent pursuit performance variable. In the second analytic model, 3 latent variables were formed: RMSE, saccade frequency, and gain. Each latent variable loaded on the corresponding 3 variables for each target speed. Finally, in the third specific model, 2 of the 3 latent variables of the previous model were used based on the positive findings of the SNP analysis, namely, the RMSE and the saccade frequency.
The structural equation model estimation process converged normally for all 3 models that were estimated. The comparison of the 3 models (see Supplementary methods and Supplementary table 4) showed that the specific model was the one that provided the best fit to the data in accordance with the prediction from the SNP analysis. Figure 2 presents a diagram of the resulting specific model parameters and their level of significance. It can be seen that all SNP exogenous variables loaded significantly on the NRG1 genotype latent variable. Also, the exogenous RMSE and saccade frequency variables loaded significantly on their corresponding latent variables. Finally, the model showed that the relation of the NRG1 latent variable to the RMSE latent variable was significant, while the relation of the NRG1 to the saccade frequency latent variable did not reach significance. An even more specific relation of each SNP with the RMSE in smooth eye pursuit can be defined by examining the sign of the corresponding parameter values. We defined the allele load for each SNP using the number of rare alleles (see ''Participants and Methods''). Thus, a negative parameter value in the model for a particular SNP indicates that an increase in the RMSE is related to an increase in the number of copies of the common allele. The opposite is true for a positive parameter value, namely, that an increase in the RMSE is related to an increase in the number of copies of the rare allele. Looking then at figure 2, one can conclude that an increase in RMSE of smooth eye pursuit, indicating worse pursuit performance, is related to the common allele G of SNP8NRG221132, the rare allele C of SNP8-NRG221533, the common allele G of SNP8NRG241930, the rare allele T of SNP8NRG243177, and finally the common allele G of SNP8NRG433E1006. A combination of these alleles corresponds to the haplotype GCGTG.
Haplotype Analysis
Haplotype analysis was performed using all 5 SNPs (see ''Participants and Methods''). The GCGTC was the most frequent haplotype in the ASPIS sample (Supplementary  table 2 ; Stefanis et al 18 ). The effect of this haplotype on the factor score of the RMSE of pursuit was significant (b = À.05, F 1,1857 = 5.26, P = .022), while the effect on the factor of pursuit saccade frequency was not (b = À.002, F 1,1655 = 0.08, P = .92). Because the factor score is negatively correlated to individual RMSE scores, this analysis confirmed the prediction from the structural equation modeling, namely, that increasing GCGTC haplotype load would be related to increasing RMSE corresponding to decreasing global pursuit performance while it would have no significant effect on saccade frequency in pursuit.
Discussion
The ASPIS sample provided a collection of oculomotor variables measured in different tasks in a population of apparently healthy young Greek army conscripts who were also genotyped. Although limited by age and gender, this sample could be thought of as representative of the Greek population as far as genetic variation is concerned. 22 In this study, we used the ASPIS oculomotor dataset to examine their relation to SNP variations in NRG1.
A major methodological issue one faces in this analysis is that of multiple comparisons among many different SNPs and many different phenotypic variables leading to the identification of false-positive results. We addressed this issue both in terms of variable selection methods and in terms of multiple steps in the analysis.
The selection of phenotypes was based on the categorization of all oculomotor variables. We used a recent meta-analysis that measured the heritability of several eye movement parameters in different eye movement tasks 34 to define a set of 6 positive parameters (3 for the smooth eye pursuit task, 2 for the antisaccade task, and 1 for the 3 fixation tasks). Similarly, we defined a set of 3 negative parameters (2 for the saccade task and 1 for the antisaccade task) that were found to have no heritability in schizophrenia. Finally, we defined a third set of exploratory parameters for which no data on heritability were available in the same meta-analysis. The rational for this categorization was that a meaningful relation of NRG1 genotype variations to schizophreniarelated eye movement endophenotypes should be observed for the positive variables and should be absent for the negative variables. A relation observed for the exploratory variables would also not be considered as a positive finding but only as tentative relation bearing further exploration.
The analysis proceeded in multiple steps. The first step was an exploratory analysis using the allele load model. Two SNPs were related to 2 positive variables measuring smooth eye pursuit, while all other relations were not significant as would be expected by our original categorization of the oculomotor phenotypic variables. The first positive relation was of the T load of SNP8NRG243177 to an increase in pursuit RMSE suggesting a deficient global pursuit performance. This relation is particularly interesting considering the relevant literature both on the particular SNP and on the particular phenotype.
SNP8NRG243177 was shown to be a functional polymorphism and the high risk T allele was related to higher levels of type IV messenger RNA expression. 37 It was also shown that the rare T allele of this particular SNP was correlated to decreased activation of frontal and temporal regions increased incidence of psychotic symptoms and decreased premorbid IQ in a group of young individuals at high risk for developing schizophrenia. 17 In our previous study, 18 we showed that increased T load of SNP8NRG243177 was associated with a decrease in performance (measured using d#) in a spatial working memory task (n-back). In yet another study, the rare allele T of this same SNP was associated with decreased white matter density and connectivity in the anterior limb of the internal capsule in healthy subjects. 38 Finally, Mata et al 16 observed that the rare allele T of SNP8-NRG243177 was related to an increase in the lateral ventricular volume in patients with schizophrenia experiencing their first psychotic episode.
Let us now consider the RMSE phenotype. Since the pioneer work of Diefendorf and Dodge 39 reporting abnormalities of the gaze movement patterns of the mentally ill, a deficit in global pursuit performance is the most consistently replicated deficit in oculomotor function in schizophrenia. 40, 41 In the meta-analysis on heritability of different oculomotor variables, global pursuit performance was one of the most significant variables showing a heritability effect size of 0.5. 34 Among pursuit indexes of performance, global indexes such as RMSE have the most powerful effect at dissociating patients with schizophrenia and their relatives from normal control subjects. 41 The second effect that we observed was a positive relation of G load of the SNP8NRG433E1006 SNP to increased saccade frequency in the smooth eye pursuit task. In our previous study, 18 we observed a significant effect of this SNP on verbal working memory performance (verbal n-back) as well as on sustained attention performance (Continuous Performance Test, Identical Pairs version). A problem with this SNP was the fact that G homozygotes are extremely rare (only 4 subjects in our ASPIS sample). Concerning the particular phenotype, the pursuit saccade frequency is considered a global index of pursuit performance that effectively dissociates patients with schizophrenia from normal control subjects. 41 This index, though, showed a rather weak heritability in the meta-analysis of Calkins et al 34 with an effect size of 0.1. Furthermore, this variable exhibits large intersubject variability that may be due to the inclusion of different types of saccadic eye movements in its definition and measurement. 33 The next step in the analysis was to confirm the results of the exploratory allele load model regression analysis.
Because the b's of the original regressions were very small (explaining less than 1% of the common variance), the possibility is raised that these are false-positive effects that would disappear using a more stringent significance criterion. We used 2 complementary nonparametric procedures to test the hypothesis that these small effects are in fact random. The bootstrap test explores how probable it would be to observe a smaller b from that observed in the original analysis by randomly resampling the original samples. The permutation test explores the complementary hypothesis, namely, how probable it would be to observe the same or larger b by randomly shuffling the original sample. The results showed that the original b's would be observed by resampling and would not be observed by randomly shuffling the original sample with a P approaching .99 confirming the significance of the relations.
In summary, then this analysis confirmed a positive association of 2 SNPs within the core NRG1 haplotype that were related to variations in smooth eye pursuit global performance. Although the a priori categorization of the phenotypes and the use of bootstrap and permutation to validate the significant effects were all efforts in the direction of reducing the risk of random effects, the possibility remains that these significant effects were indeed random due to the multiple comparisons performed. Also, this multiple comparison analysis might possibly miss a global relation between the set of genotype and phenotype variables.
The next step in the analysis was structural equation modeling. 25 The 5 core SNPs of the NRG1were used to construct a latent genotype variable that in turn was tested against latent phenotype variables that were constructed from the oculomotor variables. Different constructs of the pursuit performance variables were tested, and the model that best described the data was the one that included 2 phenotype pursuit latent variables, one combining the 3 RMSE variables and one combining the 3 saccade frequency variables. The model confirmed a significant effect of the latent genotype variable on RMSE and a nonsignificant effect on saccade frequency. The specific loadings of the 5 SNPs on the latent genotype variable suggested that a combination of common and rare alleles that was identical to those described in the core Icelandic haplotype by Stefansson et al 1 resulted in larger RMSE or equivalently to a deficit in global pursuit performance in the ASPIS sample. It should be noted here that the original haplotype also included 2 microsatelites that were not included in this study. In order to confirm this prediction, we performed a haplotype analysis that showed that the particular Icelandic haplotype load in the ASPIS sample was related to a significant increase in RMSE, while it had no effect on pursuit saccade frequency. We believe that these results are in favor of the use of structural equation modeling as a powerful tool in association studies of SNPs to endophenotypes that can confirm a robust relation among the 2 sets of variables without the drawbacks of multiple comparisons that can detect nonexisting relations or miss important relations on a global scale.
This study used a large sample of apparently healthy young men to test for a relation between a schizophrenia candidate gene and specific schizophrenia endophenotypes. The original definition of an endophenotype would predict that the relation of the endophenotype and the candidate gene should be stronger than that of the clinical syndrome and the gene. This prediction is illustrated graphically in figure 3A . The population having the clinical syndrome is depicted with the black hairline ellipse. Within this population is the population of patients who have the endophenotype deficit (thick black line ellipse). Finally, the population of individuals who have the specific allele variation is depicted with the thick gray line circle. The relation depicted in this figure suggests that the effect of the genotype is intensified in the subpopulation of patients with a deficit of the endophenotype variable. The results of this study as well as the results of our previous study on the relation of cognitive endophenotypes and NRG1 18 are not in accordance with this prediction. Although we observed significant relations, their magnitude is very small in the order of magnitude that is observed for the relation of the gene to the clinical syndrome or even smaller. One potential problem with figure 3A is the relation of the endophenotype to the clinical syndrome. Not only it is known that not all patients have a smooth eye pursuit deficit but it is also known that this deficit is not encountered only in schizophrenia. Thus, in a large population of apparently healthy individuals, there could be individuals with a deficit in smooth eye pursuit who are not related to the susceptibility to schizophrenia. The relation then could be modified as shown in figures 3B or 3C. In both figures, it is assumed that the endophenotype is partly related to the clinical syndrome. In figure 3B , the genotype is specifically related to the endophenotype, and through this relation the relation to the clinical syndrome is mediated. This relation though results to the same prediction as the relation in figure 3A , namely, a larger effect of the genotype to the endophenotype than to the clinical syndrome. On the other hand, the relation depicted in figure 3C predicts that the genotype has multiple effects that are related to the clinical syndrome one of which is also partly related to the particular endophenotype. Thus, the relation of the genotype to the particular endophenotype would actually be smaller than the relation to the clinical syndrome. Furthermore, it could be hypothesized that the particular genotype has multiple effects in more than one domain of cognitive function thus affecting multiple endophenotypes as depicted in figure 3D . The different endophenotypes would be related to the genotype and the clinical syndrome. We tested this prediction using the data from this and our previous study. 18 The particular prediction here was that the working memory endophenotype deficit and the smooth eye pursuit endophenotype deficit that were related to NRG1 and also related to schizophrenia would be different endophenotypes that would not correlate strongly between them. Table 2 demonstrates that the correlation coefficients for the correlations between working memory and smooth eye pursuit endophenotypes are very small. Most important, the sign of these correlations is opposite to what would be expected showing that better performance in working memory tasks (larger d# scores) was correlated to worse performance in smooth eye pursuit (lower gain, higher RMSE, and higher saccade frequency). Thus, the relation of deficit in smooth eye pursuit and the deficit in working memory function to the NRG1 variations is not due to a general covariation of these 2 measures in the population. Indeed, it can be said that these results could be viewed as predicting a very specific relation of these 2 phenotypes with the NRG1 phenotype and schizophrenia susceptibility as depicted in figure 3D . The prediction from figure 3D would be that a high-risk group combining deficits in independent endophenotypes might show a strong relation to the NRG1 genotype variations and schizophrenia susceptibility favoring the hypothesis that this gene affects many independent functional systems in the brain leading to schizophrenia susceptibility.
In conclusion then, this study showed that NRG1 genotype variations were related to smooth eye pursuit variations both at the SNP level and at the haplotype level providing validation that this gene is a candidate gene for the disorder. 
